We aimed to compare the relative strength of the association between anthropometric obesity indices and chronic kidney disease (CKD). Another objective was to examine whether the visceral adiposity index (VAI) and lipid accumulation product index (LAPI) can identify CKD in the rural population of China. There were 5168 males and 6024 females involved in this cross-sectional study, and 237 participants (2.12%) suffered from CKD. Obesity indices included body mass index (BMI), waist circumference (WC), waist-to-height ratio (WHtR), VAI and LAPI. VAI and LAPI were calculated with triglyceride (TG), high-density lipoprotein (HDL), BMI × (1.52/HDL) for females. LAPI = (WC-65) × TG for males, LAPI = (WC-58) × TG for females. CKD was defined as an estimated glomerular filtration rate (eGFR) of less than 60 mL/min per 1.73 m 2 . The prevalence of CKD increased across quartiles for WHtR, VAI and LAPI. A multivariate logistic regression analysis of the presence of CKD for the highest quartile vs. the lowest quartile of each anthropometric measure showed that the VAI was the best predictor of CKD in females (OR: 4.21, 95% CI: 2.09-8.47, p < 0.001). VAI showed the highest AUC for CKD (AUC: 0.68, 95% CI: 0.65-0.72) and LAPI came second (AUC: 0.66, 95% CI: 0.61-0.70) in females compared with BMI (both p-values < 0.001). However, compared with the traditional index of the BMI, the anthropometric measures VAI, LAPI, WC, and WHtR had no statistically significant capacity to predict CKD in males. Our results showed that both VAI and LAPI were significantly associated with CKD in the rural population of northeast China. Furthermore, VAI and LAPI were superior to BMI, WC and WHtR for predicting CKD only in females.
Introduction
Chronic kidney disease (CKD) is a major worldwide public health issue that increases cardiovascular morbidity and mortality [1] . Recently, a high-fat, protein-rich, and high-carbohydrate diet became popular and, along with an improvement in living conditions, has increased the risk of impaired kidney function and CKD [2, 3] . Some recent surveys have shown dietary factors may play a role in decreasing the prevalence of CKD in some countries [4] . Therefore, prevention and management of CKD seem to be particularly important. Obesity as a focus of growing attention has been associated with CKD, even in the early stage of an impaired kidney [5] [6] [7] . Classical anthropometric index the body mass index (BMI) has been widely used in obesity studies because of its recognizability [8] . For convenience and briefness, some authors also proposed other alternative obesity indices such as the waist-to-hip ratio (WHtR) and waist circumference (WC) to predict CKD [9, 10] .
The relationship between obesity and CKD is complex and not yet fully understood. Which anthropometric index is a better predictor for CKD is still a controversy. Previous studies showed a positive relationship between BMI and CKD [9, 10] . The Framingham Heart Study conducted a 20-year follow-up study and indicated that BMI, as a representative of obesity, was associated with an increased risk of developing stage 3 CKD [11] . However, a Korean cohort study showed WC, not BMI, could predict a faster decline in renal function [12] . Moreover, some authors prefer WC while others support WHtR as a determinant of the risk of CKD [13, 14] . Recently, some authors found gender-specific associations between obesity and CKD and proposed a conclusion that BMI, WC and WHtR increased the risk of CKD in diabetic or hypertensive male subjects, but all these indices were limited to screening for the CKD [15] [16] [17] .
Moreover, two newer obesity indices were proposed. The visceral adiposity index (VAI) was found to increase cardiovascular risks in hypertension [18] , left ventricular hypertrophy [19] , diabetes [20] , and CKD [21] , and can even be associated with inflammation [22] . The lipid accumulation product index (LAPI) based on a combination of WC and the fasting concentration of circulating TG has been shown to predict the incident of diabetes [23] and the increased risk of CVD [24] and influenced all-cause mortality [24, 25] . However, there has not been relative research conducted about the relationship between LAPI and CKD. Additionally, we do not know whether these two anthropometric measures containing blood lipids could outperform conventional indices in predicting CKD in the rural population.
We conducted this cross-sectional study in a general population to assess the capacity of these anthropometric measurements (VAI and LAPI) to identify individuals with CKD in the rural population of northeast China. We also compared the attributes of five anthropometric measurements (VAI, LAPI, BMI, WC, and WHtR), and attempted to determine whether the VAI and LAPI were superior to measurements of BMI, WC and WHtR.
Materials and Methods

Study Population
This cross sectional survey was conducted from January 2012 to August 2013 in Liaoning Province, located in northeast China. A representative sample of individuals aged ≥35 years was selected to participate in assessing two new obesity indices (VAI and LAPI) for purposes of identifying cases of CKD in rural northeast China. Participants were selected using a multi-stage stratified random cluster sampling method.
Step one, three counties (Dawa, Zhangwu, and Liaoyang County) were selected randomly from the rural areas of Liaoning province; step two, one town was randomly selected from each of the three counties.
Step three, 26 rural villages in three towns were randomly selected for inclusion in the study. Participants who were pregnant, or had a malignant tumor or mental disorder were excluded. Finally, 11,192 participants (5168 males and 6024 females) were eligible for the study. The study protocol was approved by the Ethics Committee of China Medical University (Shenyang, China, ethic approved project identification code: 2011-2-2), and all procedures were performed in accordance with good ethical standards.
Data Collection
Data were collected during a single clinical visit by cardiologists and trained nurses using a standard questionnaire by face-to-face interview. Prior to conducting the survey, all eligible investigators were invited to attend a training and those who obtained a perfect score on a training test were allowed to participate this study. Additionally, the investigators received further instructions and support during data collection.
Data on age, sex and personal history (coronary artery disease, hypertension and diabetes) and details about lifestyle (current or past cigarette smoking, alcohol intake, diet habits, educational status and physical activity) were obtained through questionnaires.
Physical Measures
Blood pressure (BP) was measured using a standardized automatic electronic sphygmomanometer (HEM-907; Omron, Kyoto, Japan) in the sitting position after resting for at least 5 min, according to the recommended American Heart Association protocol. The average BP value was calculated after three different consecutive measurements. The participants were advised to avoid caffeinated beverages and exercise for at least 30 min before the measurement. During the measurement, each participant was seated with their tested arm supported at the level of the heart.
Weight and height were measured to the nearest 0.1 kg and 0.1 cm, respectively, with the participants wearing light-weight clothing and without shoes. WC was measured at the umbilicus using a non-elastic tape (to the nearest 0.1 cm), with the participants standing at the end of normal expiration. BMI was calculated as the individual's weight in kilograms divided by the square of the height in meters. WHtR was calculated by dividing WC by height.
Laboratory Assays
A fasting blood sample was collected from each participant in the morning after at least 12 h of fasting. Blood samples were obtained from an antecubital vein and collected in Vacutainer ® tubes containing EDTA. Values for fasting plasma glucose (FPG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), triglyceride (TG), and other routine blood biochemical indexes were obtained using an autoanalyzer. Serum creatinine (SCr) was measured enzymatically on an autoanalyzer.
Definition of VAI and LAPI Score
VAI was calculated using the following formula [26] LAPI was calculated using the following formula [27] : Males: LAPI = (WC-65) × TG; Females: LAPI = (WC-58) × TG.
Definition of CKD
The estimated glomerular filtration rate (eGFR) was using the equation originating from the CKD Epidemiology Collaboration (CKD-EPI) equation [28] . For practical purposes, CKD was defined as an eGFR of less than 60 mL/min per 1.73 m 2 [29] .
Statistical Analysis
Descriptive statistics were calculated for all the variables, including continuous variables (reported as mean values and standard deviations) and categorical variables (reported as numbers and percentages). The differences between groups were evaluated using ANOVA (LSD) for continuous data and Chi-square test for categorical data. Quartiles of BMI, WC and WHtR were created and the prevalence of CKD was calculated in each quartile. Since VAI and LAPI were strongly correlated with sex, VAI and LAPI quartiles were determined for males and females separately. The odds ratios (ORs) and their 95% confidence intervals (CIs) for the presence of CKD were compared using the highest to the lowest quartile of each anthropometric index, and were estimated by logistic regression analysis with adjustments made for age, race, family income, education, smoking, and alcohol status. We used the area under the receiver-operating characteristic curve (AUC) and 95% CIs to assess the discriminatory power of each anthropometric index to assess the risk for CKD. All the statistical analyses were performed using SPSS version 22.0 software (SPSS Inc., Chicago, IL, USA) and p-values less than 0.05 were considered statistically significant.
Results
A total of 11,192 subjects (5168 males and 6024 females) aged ≥35 years participated in the study. There were 237 participants suffering from CKD and the prevalence of CKD was 2.12% among the rural populations in northeast China. Table 1 presents the clinical and demographic characteristics of participants according to CKD. The average age was 53.83 ± 10.55, and subjects with CKD were significantly older (68.57 ± 9.45 years). Overall, the general population had low educational levels and family incomes in the rural areas. Additionally, almost all participants were of Han nationality. In females, all of the anthropometric indices except for BMI were significantly larger in subjects with CKD than in subjects without CKD. Furthermore, significant differences were found in systolic blood pressure, diastolic blood pressure, uric acid, TC, TG, LDL-C and FPG. Unexpectedly, current smoking and alcohol consumption were very low in the CKD group, maybe because they quit smoking and drinking after being diagnosed with CKD. Table 3 shows the multiple logistic regression analysis results for each anthropometric index. After adjustment for age, race, family income, education, smoking, alcohol status, systolic and diastolic blood pressure, the ORs of CKD increased with the increasing quartiles for VAI. Considering the significant ORs of the presence of CKD for the four quartiles, the VAI was the best predictor of CKD. For the highest quartile vs. the lowest quartile of each anthropometric measure, VAI (OR: 4.80, 95% CI: 1.94-11.92 in males; OR: 4.21, 95% CI: 2.09-8.47 in females, both p < 0.001) had higher ORs than LAPI (OR: 3.58, 95% CI: 1.49-9.07 in males, p < 0.01; OR: 3.10, 95% CI: 1.71-5.61 in females, p < 0.001), BMI (OR: 2.27, 95% CI: 1.06-4.82 in males; OR: 1.80, 95% CI: 1.04-3.10 in females, both p < 0.05), WC (no significance in males; OR: 2.12, 95% CI: 1.25-3.58 in females, p < 0.01) and WHtR (OR: 3.20, 95% CI: 1.28-7.95 in males; OR: 1.87, 95% CI: 1.07-3.25 in females, both p < 0.05). Table 4 and Figure 1 show the AUC scores (and 95% CIs) of anthropometric measures in the prediction of CKD, and p-values were obtained from the respective comparisons between BMI and other anthropometric measures. VAI and LAPI were more significantly capable of predicting CKD in females than conventional indices. VAI had the highest AUC for CKD (AUC: 0.68, 95% CI: 0.65-0.72), LAPI was right behind it (AUC: 0.66, 95% CI: 0.61-0.70), and the BMI showed the lowest AUC value for CKD in females (AUC: 0.50, 95% CI: 0.45-0.55). However, compared with the traditional index of the BMI, other anthropometric indices had no statistically significant capacity to predict CKD in males. circumference, WHtR waist-to-height ratio; *p < 0.05, **p < 0.01, ***p < 0.001; a Adjusted for age, race, family income, education, smoking, alcohol status, systolic and diastolic blood pressure. Table 4 and Figure 1 show the AUC scores (and 95% CIs) of anthropometric measures in the prediction of CKD, and p-values were obtained from the respective comparisons between BMI and other anthropometric measures. VAI and LAPI were more significantly capable of predicting CKD in females than conventional indices. VAI had the highest AUC for CKD (AUC: 0.68, 95% CI: 0.65-0.72), LAPI was right behind it (AUC: 0.66, 95% CI: 0.61-0.70), and the BMI showed the lowest AUC value for CKD in females (AUC: 0.50, 95% CI: 0.45-0.55). However, compared with the traditional index of the BMI, other anthropometric indices had no statistically significant capacity to predict CKD in males. 
Discussion
The main finding of this cross-sectional study was that all anthropometric indices (VAI, LAPI, BMI, WC, and WHtR) were significantly associated with CKD (eGFR <60 mL/min per 1.73 m 2 ) among rural populations in northeast China. To our knowledge, there has been no relevant literature confirming a significant association between LAPI and CKD so far. Our study has found for the first time that the LAPI had a positive correlation with CKD. Moreover, there are few relevant studies to compare the relative strength of the association between comprehensive obesity measurements and CKD, and the predictive power of traditional indices for chronic diseases is still controversial. Our study showed for the first time that VAI and LAPI had superior predictive ability for identifying CKD as compared to traditional indices in women, and BMI did not effectively predict the existence of CKD. Neither VAI nor LAPI had obvious advantageous capabilities for identifying the association between obesity and CKD compared to BMI in the male gender, while our study indicated that the two surrogate anthropometric indices VAI and LAPI were more suitable for identifying CKD in women.
Although there were several epidemiologic studies showing that obesity and CKD have increased in parallel worldwide and are positively correlated [30] , the mechanisms by which changes in adiposity affect CKD are not entirely clear. Henegar JR and his colleagues conducted force-fed dog studies which showed a significant increase in kidney weight, plasma renin activity and insulin concentrations in obese dogs compared with lean dogs. These early hemodynamic and structural changes in kidney function could be influenced by a high-fat diet [31] . Moreover, some recent works proposed that obesity-related subclinical inflammation and oxidative stress could precede some changes in 
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Although there were several epidemiologic studies showing that obesity and CKD have increased in parallel worldwide and are positively correlated [30] , the mechanisms by which changes in adiposity affect CKD are not entirely clear. Henegar JR and his colleagues conducted force-fed dog studies which showed a significant increase in kidney weight, plasma renin activity and insulin concentrations in obese dogs compared with lean dogs. These early hemodynamic and structural changes in kidney function could be influenced by a high-fat diet [31] . Moreover, some recent works proposed that obesity-related subclinical inflammation and oxidative stress could precede some changes in kidney function and structure such as increased albuminuria, and then induce renal damage [32, 33] . As mentioned above, these potential mechanisms might give reasonable explanations as to why individuals with higher VAI or LAPI could have a higher risk of CKD in our study. As traditional predictive indices of obesity, BMI and WC predicting for CKD were relatively unhelpful among the rural population in northeast China because of the lower means of height, BMI, and WC than in Euramerican studies.
Some studies have pointed out that women were more likely to have abdominal obesity [34, 35] . Furthermore, according to research on the southern Chinese population, Jun et al. found a strong correlation between VAI scores and CKD in females but not in males [34] . In the present study, as representative of visceral obesity, VAI and LAPI predicting for CKD seemed to be more valuable in females. The mechanisms underlying gender-specific differences are not known. Different sex hormones might act on the fat distribution which subsequently affects the association between obesity and CKD. However, Palmer BF conducted a review showing that since estrogens could regulate adipose deposition and function, males and postmenopausal females tended to deposit more visceral fat, while premenopausal females accrued subcutaneous fat, leading to the classic body shape which has been highly correlated to an increased chronic disease risk [36] . Animal studies have demonstrated that estrogen exerts renoprotective effects after whole-body acute alternatives of hemodynamics and estrogen doses improved the renal outcome in male rats [37] . In contrast, women had higher values of VAI, LAPI and WHtR compared with men in our study population. This discrepant phenomenon is probably attributed to ethnic differences and lifestyles. In rural areas of northeast China, the majority of Han people still maintain the traditional male-breadwinner model and the burden of low income has had males alternately engaging in agricultural and industrial activities. The activity intensity was great enough that males tended to have a lower distribution of abdominal fat compared to females of the same ages who were less active.
The recognition of the importance of visceral obesity has attained increasing attention in recent years. Someone proposed that imaging technologies such as CT and MRI should be applied to evaluate visceral adiposity because of their accuracy [38] . However, using them to screen for CKD in a large-scale population is hard to achieve due to the huge spending and high radiation exposure. VAI and LAPI have the advantages of low cost, easy measurements, and good social profit. Furthermore, research has shown VAI and LAPI are effective markers for identifying metabolic obesity [35, 39] and correlate with metabolic syndrome [40] . We suggest that VAI and LAPI as effective markers of visceral obesity are simpler and more sensitive predictors of CKD than the traditional indices in females.
There are several limitations in our study. Firstly, the prevalence of CKD in our study was lower than the data from a Chinese national sample survey (10.8%) [41] , and our population consisted mostly of peasants who had lots of physical activity. Therefore, the study was not nationally representative. Secondly, due to the relatively large sample size, we did not measure microalbuminuria/proteinuria and only used eGFR as the criterion for judging for impaired kidneys, which may result in ignorance of the CKD subjects with a normal GFR. Lastly, the study was a cross-sectional design which is unable to distinguish between cause and effect, and further exploration is needed.
Conclusions
Our present study found that VAI, LAPI, BMI, WC and WHtR were all significantly associated with CKD in both female and male genders after adjusting for confounding variables. In addition, our study indicated that VAI and LAPI showed a superior predictive ability for identifying CKD compared to conventional indices only in females.
